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Available online 1 April 2009AbstractThis paper addresses analysis of surface meteorological and hydrographic data collected along the transects DurbaneIndia Bay,
Antarctica (Track-1) and Prydz BayeMauritius (Track-2) during FebruaryeMarch 2007 as part of the International Polar Year
project (IPY#70). Strong winds (>12 m s1) resulted in enhanced turbulent heat loss north of 45S. Whereas a highly stable marine
atmospheric boundary layer (MABL) and strong winds facilitated the release of latent heat of condensation along Track-1, a highly
unstable MABL and strong winds resulted in large turbulent heat loss from the sea surface along Track-2, in the 40e45S belt. The
northern and southern branches of Subantarctic Front on both tracks coalesce, while the Agulhas Retroflection Front (AF) and
South Subtropical Front (SSTF) merge between 43 and 44S on Track-2. The southern branch of the Polar Front (PF2) meanders
550 km southward towards the east. The Subtropical Surface Water, Central Water, and Mode Water are located north of 43.5S,
while the Subantarctic Surface Water, Antarctic Surface Water, Antarctic Intermediate Water, and Circumpolar Deep Water are
encountered in the region of the Antarctic Circumpolar Current (ACC). Baroclinic transport relative to 1000 db reveals that the
ACC is enhanced by 10 106 m3 s1 eastward, and a four-fold increase in transport occurs south of the ACC. Nearly 50% of the
ACC transport occurs in the 100e500 m slab. We discuss the effects of the feedback of AC and hydrological fronts on the MABL.
 2009 Elsevier B.V. and NIPR. All rights reserved.
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The subtropical, wind-driven anticyclonic gyre of
south Indian Ocean (IO) consists of the Agulhas
Current (AC) to the west, the Agulhas Return Current
(ARC) to the southwest, the South Indian Ocean* Corresponding author. Fax: þ91 832 2520877.
E-mail addresses: alvluis@ncaor.org, alvluis@yahoo.com
(A.J. Luis).
1873-9652/$ - see front matter  2009 Elsevier B.V. and NIPR. All rights
doi:10.1016/j.polar.2009.03.001Current to the south (Stramma, 1992), the equator-
ward-flowing West Australian Current to the east, and
the South Equatorial Current to the north. This gyre
differs from its counterparts elsewhere in that most of
the water recirculates in the western and central parts
of the ocean basin (Stramma and Lutjeharms, 1997),
resulting in weak gyral circulations east of 70E
(Donohue and Toole, 2003). The AC, the strongest
western boundary current in the Southern Hemisphere,
transports southwards warm and saline water ofreserved.
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65 106 m3 s1 (Stramma and Lutjeharms, 1997).
These characteristics promote the strongest eddy
activity in this part of the world ocean (Cheney et al.,
1983), and generate quasi-permanent meanders and
eddies (Weeks and Shillington, 1994).
The Antarctic Circumpolar Current (ACC) is orga-
nized into a small number of relatively narrow and
deep-reaching jets associated with the baroclinic shear
(Nowlin and Klinck, 1986). Spanning 45e55S, the
ACC flows uninterrupted zonally (Orsi et al., 1995),
linking various ocean basins and thereby enabling the
exchange of climate-relevant properties as well asFig. 1. Bathymetry from TOPEX/Poseidon (light gray contours, km; Smith
covered along Track-1 during the Indian IPY cruise of 9e14 February an
stations (,) occupied during FebruaryeMarch 1996. Thick contours represe
1995), SF: Scotia Front; SBACC: Southern Boundary of ACC; SACCF: S
Subantarctic Front; NTSF and SSTF: North and South Subtropical Front,
Boundary. Thick gray lines represent the Agulhas Current System.constituting an important part of the global overturning
circulation (Schmitz, 1996). The IO sector of the
Southern Ocean (SO) has an intricate frontal system of
quasi-zonal fronts that merge, split, and steer over the
variable bottom topography in the Crozet region (Park
et al., 1993) and Kerguelen region (Belkin and Gordon,
1996 (hereafter BG96); Holliday and Reed, 1998;
Sparrow et al., 1996).
The identification of fronts and quantification of
their meandering properties are essential elements in
tracing upper-level ocean circulation. Fig. 1 shows the
main fronts recognized in the literature (BG96; Orsi
et al., 1995). The Agulhas Front (AF) is associatedand Sandwell, 1997) overlaid with XCTD () and XBT (þ) stations
d along Track-2 during 19e26 March 2007. Also shown are Civa2
nt the major oceanic fronts (after Belkin and Gordon, 1996; Orsi et al.,
outhern Antarctic Circumpolar Current Front; PF: Polar Front; SAF:
respectively; AF: Agulhas Front; AgFNB: Agulhas Front Northern
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ated with Agulhas Retroflection. The North and South
Subtropical Front (NSTF and SSTF, respectively)
represent the northern and southern boundaries of the
Subtropical Frontal (STF) Zone; the Subantarctic Front
(SAF) and the Polar Front (PF) represent the boundary
of the Polar Frontal Zone. At the choke points (e.g., the
Drake Passage, and the areas south of Africa and
Tasmania), the meridional spread of the SO dynamics
is constrained, meaning that the ACC transport, water
mass and frontal characteristics can be accurately
monitored.
Hydrodynamic characterization of the south-
western IO is warranted on the basis of a number of
meteorological and oceanographic features. First, the
wind stress curl is largely positive throughout the
year, with little seasonal variation, suggesting that
overall the region is conducive to downwelling at
a rate of 0e20 cm day1 (Hellerman and Rosenstein,
1993). Second, around the South African coast,
coastally trapped waves are formed in the atmosphere,
propagating eastward as coastal low pressure systems
in concert with the passing synoptic pressure systems
to the south (Gill, 1977); therefore, the coastal winds
are aligned with the coastline along the greater part of
coast and the AC. Third, the general wind patterns
over the southern IO drive major currents; conse-
quently, wind-driven circulation is dominant over
thermohaline circulation (Hellerman and Rosenstein,
1993). Fourth, the region exchanges a large amount of
heat with the atmosphere, which is received largely
via the warm (16e26 C) and saline (35.5; here and
below, no unit is assigned to salinity because it is
measured from the ratio of conductivities) AC, which
becomes trapped in the Agulhas Retroflection. The
STF zone is associated with enhanced primary
production (1.5 mg m3), several times larger than
typical SO values (Weeks and Shillington, 1994).
Among the world oceans, about 67% of total water
volume with temperatures between 2 and 2 C is
found in the southwest IO, as this region lies imme-
diately downstream of the Weddell Sea, where most
of this water is formed (Emery and Meincke, 1986).
Despite the above features, the study of hydrody-
namics in the southwest IO is hampered by a lack of
hydrographic data. Although numerical models can be
used to simulate the specific hydrodynamic features,
verification of the numerical solutions requires in-situ
measurements.
The criteria required to identify large-scale fronts,
characterize water mass, and calculate volume trans-
port within the ACC, as well as to determine the spatialand temporal variability of fronts in the Indian sector
of the SO, have been outlined in previous studies based
on historical hydrographic data (BG96; Holliday and
Reed, 1998; Lutjeharms and Valentine, 1984; Orsi
et al., 1995; Park et al., 1993, 2001 (hereafter PEP01);
BG96; Sparrow et al., 1996), sea surface temperature
(Ts) images obtained by passive radiometer (Kostianoy
et al., 2004), and by a combination of expendable
bathythermograph (XBT) and satellite altimetry (Swart
et al., 2008). These extensive studies provide a detailed
background of spatial trends in the ocean based on
synoptic surveys.
Anilkumar et al. (2006) (hereinafter AN06)
surveyed the meridional sections in the SO along 45E
and 57.5E during the austral summer of 2004. They
reported that: (1) ARF and STF formed a merged front
that meandered by >2 eastwards; (2) PF and SAF
split into northern branch (PF1 and SAF1, respec-
tively) and southern branch (PF2 and SAF2, respec-
tively); and (3) the wind led to mixing in the zone
49e56S, completely obliterating the thermocline,
and resulted in a deep mixed layer. We note that the
choke point south of Africa has yet to be systemati-
cally and repeatedly sampled, except for several
synoptic cruises such as KERFIX, SUZIL, WOCE,
Antaras, Civa1 and Civa2 (Park et al., 1991, 1993,
1998a,b; PEP01) and the Japanese Antarctic Research
Expeditions (Aoki, 1997; Aoki et al., 2003 and refer-
ences therein).
Repeated hydrographic observations are required
to undertake year-to-year comparisons of the
hydrodynamics in the southwestern IO; however,
such observations are impractical because of the
high costs of chartering research vessel. To over-
come this problem, the principal author proposed
a method of sampling using expendable probes
launched from cargo ships that travel to the SO to
restock the Indian Antarctic station (Maitri) as a part
of the annual Indian Antarctic Expedition (IAE). The
hydrographic surveys were undertaken under the
International Polar Year (IPY)-endorsed project
(IPY#70) entitled Monitoring of the Upper Ocean
Circulation, Transport and Water Masses Between
Africa and Antarctica, which is a component of
Climate of Antarctica and Southern Ocean (CASO).
We discuss the hydrodynamics and compare our
results with previous results with the aim of high-
lighting new findings, using hydrographic data
collected on board MV Emerald Sea by deploying
expendable probes along the DurbaneIndia Bay and
Prydz BayeMauritius tracks during Februarye
March 2007.
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The vertical profiles of temperature and salinity
( in Fig. 1) were recorded using expendable con-
ductivityetemperatureedepth probe (XCTD) manu-
factured by Tsurumi Seiki Company Limited (TSK)
(type: XCTD-3; terminal depth: 1000 m; temperature
accuracy: 0.02 C and salinity accuracy:
0.03 mS cm1). In shallow regions, only temperature
profiles were obtained by using XBT (model: T-7 deep
blue, accuracy: 0.15 C depth resolution: 0.65 m)
(þ in Fig. 1). The section from Durban, South Africa
(29.87S, 31.03E) to New India Bay, Antarctica
(69.9S, 12.6E) was surveyed during 9e14 February
2007 (hereafter Track-1), while the section from Prydz
Bay (69.3S, 76.35E) to Port Louis, Mauritius
(20.7S, 57.35E) (hereafter Track-2) was surveyed
during 19e26 March 2007. A comparison of XCTD-3
and Sea Bird CTD profiles reveals that the former is
consistent with the manufacturer’s specified accuracy
for temperature and salinity (Mizuno and Watanabe,
1998), and the fall rate for XCTD shows no systematic
bias in the fall equation provided by the manufacturer
(Kizu et al., 2008).
Quality control for temperature profiles followed the
standard procedure (Bailey et al., 1993). First, the
geographic coordinates and the launch time of XCTD
were checked against the sampling logs. Second, each
profile was examined to eliminate readily visible mal-
functions, such as consistent temperature, broken wire
and obvious bad profiles due to faulty probes. Third,
each profile was inspected for spikes caused by external
electronic/electromagnetic interference and insulation
penetration, temperature inversion due to wire stretch
and leakage, etc. Isolated spikes were removed from the
profiles and the data gaps were filled in by linear
interpolation. We rejected profiles with high frequency
spikes and large temperature inversions (>0.2 C).
Finally, waterfall plots for each track were generated to
further evaluate the consistency of the profiles, and
those profiles with temperature offset >0.5 C were
rejected in this process. To minimize the high frequency
noise in the salinity profiles, a median filter with a 15 m
window was applied, following Xiaojun et al. (2004).
Meteorological data were recorded at every hydro-
graphic station. Wind speed (Ws) was measured using
RM Young wind monitor (accuracy: 0.3 m s1). Air
temperature (Ta) and relative humidity (Rh) were
recorded by using platinum resistance thermometer
and a sensor equipped with capacitive polymer H-chip
(Vaisala Inc.), respectively; the accuracy of measure-
ments is temperature dependent. The atmosphericpressure was obtained by using a digital barometer
(Vaisala Inc., accuracy: 0.3 hPa at 20 C). The mean
sea-level pressure (MSLP) was deduced by applying
height correction. The observed data were adjusted to
a height of 10 m from the sea surface by using log-
layer profiles (Liu et al., 1979). To understand the
oceanic feedback on marine atmospheric boundary
layer (MABL), sensible (Qs) and latent-heat flux (Qe)
were computed by using the commonly-used bulk flux
method with heat transfer coefficients computed
according to Liu et al. (1979). In this work, positive Qs
and Qe indicate the heat transfer to the atmosphere.
The hydrological fronts and water masses were
identified by assessing the criteria summarized in Tables
1 and 2, respectively. The geostrophic velocity across
a pair of stations was calculated relative to the deepest
common level (1000 db) available from the XCTD data,






where f is the Coriolis parameter (s1) at a mean lati-
tude, dz is depth interval (m) and DF is geopotential
anomaly (m2 s2) between adjacent pair of XCTD
stations. We also used the ‘‘Maps of Absolute Dynamic
Topograpy (MADT)’’ which were mapped on a
1/3  1/3 Mercator grid by merging TOPEX/
Poseidon, JASON-1, ERS-1/2 and Envisat altimetry
data, and distributed by CLS/AVISO (http://atoll-motu.
aviso.oceanobs.com). Because the ACC is character-
ized by fine scale structures and variability, we used
‘‘up-to-date’’ absolute dynamic topography and abso-
lute geostrophic velocity. Details on the mapping
methods and different corrections applied to these fields
are available in Le Traon and Ogor (1998), Le Traon
et al. (1998) and Ducet et al. (2000).
The examination of the vertical thermohaline struc-
ture suggests that it is inappropriate to assume the level-
of-no-motion at 1000 db for estimation of the XCTD-
based volume transport, so we compare it with transport




where g is gravity (m s2), D is the thickness of the
water column (m), and DSSH is the sea surface height
difference (m). Andres et al. (2008) has demonstrated
that DSSH across the Kuroshio can be used as proxy for
full-water-column transport. To take care of varying
distance between stations, volume transport per
Table 1
Criteria employed in the identification of oceanic fronts.
Frontal structure Property identifier for fronts Reference
Temperature (C) Salinity (psu)
Southern branch
of Polar Front (PF2)
q0¼ 3e2 S0¼ 33.8e33.9 Holliday and Reed (1998)
Northern branch
of Polar Front (PF1)
qmin layer at 200 m; northern
limit of 2 isotherm
below 200 m
S0¼ 33.8e33.9 Belkin and Gordon (1996)
Holliday and Reed (1998)
Southern branch
of Subantarctic Front (SAF2)
q0¼ 8e9 Consistent S0¼ 33.85 Holliday and Reed (1998)
q200¼ 4 Belkin and Gordon (1996)
Northern branch
of Subantarctic Front (SAF1)
q0¼ 9e10 S200¼ 34.11e34.47 Belkin and Gordon (1996)
q200¼ 8.4e4.8 S400¼ 34.19e34.38
q400¼ 3.7e6.1 S600¼ 34.24e34.28
q600¼ 3e4.3
Southern branch
of Subtropical Front (SSTF)
q0¼ 10.3e15.1 S0¼ 34.3e35.18 Belkin and Gordon (1996)
q200¼ 8.0e11.3 S200¼ 34.42e34.92
q400¼ 6.1e8.6 S400¼ 34.38e34.63
q600¼ 4.2e5.9 S600¼ 34.30e34.44
Agulhas Front (AF)/Agulhas Retroflection
Front (ARF)
q0¼ 17e19 S0¼ 35.54e35.39 Belkin and Gordon (1996)
q300e800¼ 10 S200¼ 35.57e34.9 Holliday and Reed (1998)
q200¼ 14
Northern branch
of Subtropical Front (NSTF)
q0¼ 21e22 S0¼ 34.87e35.58 Belkin and Gordon (1996)
q200¼ 12.1e15.3 S200¼ 34.99e35.42 Holliday and Reed (1998)
q400¼ 9.3e12.2 S400¼ 34.71e35.07
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Sea surface convergence was computed by using the
altimeter-based geostrophic velocity components in
order to substantiate changes occurring in the vertical
structures. Positive (negative) convergence indicates
downwelling (upwelling).
3. Results
3.1. Surface meteorological conditions
Fig. 2 depicts the march of meteorological param-
eters along Track-1 (left-hand panels) and Track-2Table 2
Criteria employed in the identification of water mass.
Water mass Property
Temperature (C)
Subtropical Surface Water 16e28
Central Water
1. Southeast Atlantic Ocean 6e16
2. Southwest Indian Ocean 8e15
Mode Water 11e14
Subantarctic Surface Water 9
Antarctic Surface Water <5
Antarctic Intermediate Water 2.2
Circumpolar Deep Water 2(right-hand panels). Ws exhibits a near-sinusoidal
variation with peak values of 13.7, 17, 12 m s1 at
32.4S associated with the subtropical high, 44.5S
associated with the roaring forties and 56.5S corre-
sponding to the furious fifties, respectively (Fig. 2a).
Along Track-2, Ws also exhibits near-sinusoidal vari-
ations with a highest speed of 15.7 m s1 at 41S
(Fig. 2e). The MSLP exhibits highs of 1010 and
1022 mb recorded at 32S and in the region of
westerlies (49S), respectively, and a low pressure is
identified south of 60S (Fig. 2b). Highs of 1028
and 1016 mb were encountered at 44 and 30S,
respectively along Track-2 (Fig. 2f). In general,Reference
Salinity (psu)
>35.1 Valentine et al. (1993)
34.5e35.5 Valentine et al. (1993)
34.6e35.5 Valentine et al. (1993)
35e35.4 Anilkumar et al. (2006)
<34 Park et al. (1993)
<34 Anilkumar et al. (2006)
33.87 Valentine et al. (1993)
34.77 Anilkumar et al. (2006)
Fig. 2. Meteorological conditions along Track-1 and Track-2. (a) and (e) wind speed (m s1); (b) and (f) mean sea-level pressure (mb); (c) and (g)
air temperature (Ta, C), surface temperature (Ts, C), and their difference (Ta Ts); and (d) and (h) sensible heat flux (Qs, Wm2) and latent
heat flux (Qe, Wm2).
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ated with anticyclones of varying strengths which
move eastwards, and the fluctuations in their intensity
strongly influence the behavior of the trade winds and
the development and decay of tropical lows. Near
60S, ascent of air gives rise to a series of deep
subpolar lows. Passage of high-pressure systems
during the survey period enhanced the MSLP at
62.8S and 56.2S.
The sea surface temperature (Ts) along Track-1
depicts a sharp fall from 27.7 C at 32.3S to 15 C at
42S, corresponding to a gradient of 0.01 C km1,
which is reduced to 0.004 C km1 south of 44S
(Fig. 2c, dashed line). The Ta profile shows a fall from
27 C at 33.4S to 7 C at 46S, corresponding to
a gradient of 0.013 C km1 (Fig. 2c, solid line). The
Ta gradient further falls to 0.004 C km1 south of
46S, which is a characteristic feature observed south
of the Subantarctic Front (SAF) (Fig. 3). The MABL isfound to be stable (Ta Ts> 0) in the 35e46S belt
and south of 50S, except for the AC region and the
WeddelleScotia Confluence zone (south of 58S). Along
Track-2 the Ts profile exhibits a gradient of
0.005 C km1 in the 30e42S belt, which increases to
0.01 C km1 in the 43e52S belt, but weakens to
0.003 C km1 south of 52S (Fig. 2g, dashed line). We
note that Ts along Track-2 is 0.5e2 C warmer in the
45e55S belt, despite the fact that the sampling was
done near the end of the austral summer and amonth later
than Track-1. On the other hand, Ta profile exhibits
a gradient of 0.009 C km1 north of 46S, which
reduced to 0.003 C km1 south of 46S (Fig. 2g, solid
line). TheMABL is unstable for 90% of the observations.
The Qs profile along Track-1 exhibits a sinusoidal
variation. It decreases from 18 to 48 Wm2 from
Durban to 41S (Fig. 2d, dashed line), due to a highly
stable MABL (Fig. 2c). Thereafter, it increases to
24 Wm2 up to 48S due to the unstable MABL
Fig. 3. (a) Surface temperature gradient (0.1 C km1) overlaid on
surface geostrophic velocity (cm s1), and vertical structure of (b)
temperature (C), (c) salinity (psu), (d) sigma-t (kg m3), and (e) sea
surface divergence (107 s1) computed using altimetry-based ADT
data, along DurbaneIndia Bay route (Track-1 in Fig. 1). Abbrevia-
tions are as in Fig. 1.
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reduced by 215 Wm2 from 32 to 41S, and it
increases from 100 to 22 Wm2 between 41 and
48S (Fig. 2d, solid line). These changes indicate
condensation in the MABL in the 35e45S belt, while
positive Qe indicate precipitation in the MABL south
of 48S. Along Track-2, Qs displays a dominant
variation in the 39e52S belt (Fig. 2h; dashed line).
Peak Qs values (158 Wm2) at 43.5S coincide
with the sporadic changes in Rh (figure not shown)
and high MSLP (Fig. 2f). Large Qe variations
(150w310 Wm2) dominate the 30e35S and40e45S belts (Fig. 2h), due to higher Ws (Fig. 2e)
and undulations in Rh.
In summary, Fig. 2 suggests that strong winds
(>12 m s1) and dominant variations in the turbulent
heat flux occur north of w45S. While highly stable
MABL and strong winds facilitate the release of latent
heat of condensation along Track-1, a highly unstable
MABL and strong winds enhance turbulent heat loss
from the ocean along Track-2, in the 40e45S belt.
3.2. Hydrological frontal variability
An oceanic front is a narrow zone marked by
enhanced water properties (temperature, salinity,
chlorophyll, and nutrients) gradients at various levels
and by enhanced velocity. We used temperature and
salinity as criteria for identifying the locations of the
fronts (Table 1) because these can vary as a result of
gradual modification of the adjacent water masses by
airesea interaction and cross-frontal mixing (BG96). It
is both practical and useful to locate the central posi-
tion of the front by using the values of water properties
at axial locations at a given depth; e.g., temperature at
surface/200 m (q0/q200) and salinity at surface/200 m
(S0/S200) (PEP01). Several surface criteria, such as
surface Ts, salinity and Ts gradients (Kostianoy et al.,
2004) have been proposed to identify frontal structures,
but these can vary with seasons and geographical
locations. We focus on subsurface phenomenological
indicators for the front identification, and employ the
surface features, such as Ts gradient and geostrophic
velocity magnitude obtained from MADT data, as
guides in the identification process (Figs. 3a and 5a).
3.2.1. Scotia Front
The interaction between the waters from the Weddell,
Scotia, and Bellingshausen Seas and local thermody-
namic processes in the southern part of the Scotia Sea
give rise to the WeddelleScotia Confluence (Gordon,
1967). It is bounded by the Scotia Front (SF) to the north
and to the south by a weaker front, the Weddell Front
(WF). We note that the signatures of WF are not clearly
identifiable fromFig. 3, because our section terminated at
the northernmost seaeice extension limit. However, the
SF is located at 55S based on the extent of 1 C isotherm
from 300 to 500 m, consistent with the location proposed
by BG96. The location of SF is characterized by weak
surface divergence (2 109 s1) (Fig. 3e).
3.2.2. Polar Front
The PF, which forms a veritable wall between the
Agulhas Basin to the north and the Enderby Basin to
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(PF1) is located at 49.5S, based on Tmin layer at 200 m
and the northernmost extent of 2 C below 200 m (Park
et al., 1993; BG96; Park and Gambe´roni, 1995), and its
southern branch (PF2) spans 50.5e52S. The surface
velocity associated with PF1 and PF2 is 10 and
14 cm s1, respectively. Surface convergence
(14 109 s1) coincides with sharp vertical property
gradients at PF1, while surface divergence
(1.5 109 s1) and weak vertical property gradients
highlights PF2 (Fig. 3e). PEP01 identified PF1 as
a single front at 51S on the 30E section, while AN06
identified PF1 spanning 49e50S and PF2 spanning
52e54S on 45E section; the position of PF2
proposed by AN06 coincides with PF location sug-
gested by BG96. The branching of PF is attributed to
highly convoluted meander or detached cold and warm
eddies (Park et al., 1998b), and is associated with the
baroclinic shears between 48 and 52S (Fig. 3d).
3.2.3. Subantarctic Front
The northernmost extent of pack-ice limit (Park
et al., 1998b) or the Antarctic Ice boundary (Klyausov,
1983; BG96) was identified at 50.5S based on surface
salinity minimum (w33.8), a change in the Ts by 1 C
across the boundary and strong baroclinic gradients in
the upper 200 m. The SAF, which is defined by the
location of a rapid decline in the subsurface salinity to
33.8 (Holliday and Reed, 1998; BG96), marks the
beginning of the northward spreading of Antarctic
Intermediate Water (AAIW) below 400 m. The
southern branch of this front (SAF2) extends from
45.5 to 47S, which is associated with surface velocity
of 13 cm s1, while its northern counterpart (SAF1)
spans 44.5e45.5S, which is within the w2.5 width
of SAF reported elsewhere (Lutjeharms and Valentine,
1984). SAF1 is associated with a mean surface velocity
of 17 cm s1. The Civa2 data (30E section) also
shows that SAF splits into SAF1 and SAF2 which are
located at 47S and 50S, respectively (Fig. 3 in
PEP01). On the other hand, AN06 identified SAF1
between 40.2 and 43E, and SAF2 between 47 and
48S on the 45E section. We note that SAF1 location
coincides with the area of strong convergence
(7.21 107 s1) and enhanced vertical gradients in
temperature and salinity while SAF2 location is
marked by divergence at the rate of 8.3 108 s1.
3.2.4. Subtropical Front
The Subtropical Front (STF) separates the Subant-
arctic Surface Water from the Subtropical Surface
Waters, and defines the northern boundary of the ACC(Deacon, 1937). The STF has been identified as
a broad Subtropical Frontal Zone consisting of several
cores/fronts separated by zones of relatively homoge-
nous waters (Lutjeharms et al., 1993). Based on the
criteria, 10 C< q100m< 12 C (Orsi et al., 1995), we
encountered STF at 42S, whereas BG96 identified it
at 43S (Fig. 1). However, our thermohaline structure
(Fig. 3bed) reveals that the STF has a double structure
consisting of a northern branch (NSTF) and a southern
branch (SSTF), which has been recognized in all the
sectors of the SO (BG96). Concurring with Civa2 data
(PEP01), we identified SSTF at 42S, which is asso-
ciated with enhanced surface velocity of 21.5 cm s1,
in contrast to a merged SAF1þ SSTFþARF on the
45 section of AN06. Stramma (1992) also reported
a band of enhanced current in the upper 1000 m, just
north of the STF near South Africa. Across the SSTF,
Ts falls from 15 to 10 C, the salinity drops by 0.4, and
weak density gradients are observed down to 400 m.
Pockets of high salinity (34.8) at 100 m between 40
and 41.5S, are associated with strong interleavings in
the underlying waters, as reported by PEP01 to be the
most prominent characteristics of the upper layer ther-
mocline structure in the Subantarctic zone near 30E.
3.2.5. Agulhas Current system and Agulhas Front
The AC extends as far as 39S from the South
African coast and is marked with a enhanced velocity
magnitude of 35 cm s1 at 34S. The AF is located at
39S, where the maximum surface speed of 55 cm s1
is encountered (Fig. 3a). Taking into account the
distance of the first two stations from the coast as
120e220 km, we obtained the AC core speed of
17 cm s1 from XCTDs, which is similar to 23 cm s1
reported by Bryden et al. (2005). The discrepancy
between the two estimates can be attributed to the fact
that the MADT degrades close to the coast, which is
reflected on the velocity magnitude. It is also noted that
the vertical velocity shear is smaller in the AC
compared to the rest of the section and that the hori-
zontal density gradient is strongest
(w6.3 103 kg m3 km1) in the AC (Fig. 3a). On
the other hand, the vertical velocity shear increases in
the ARC region from near zero to 0.04 m s1 km1
The water characteristics vary significantly across
the AC as follows. The Ts decreases from 27 to 19 C
due to turbulent heat loss (Fig. 2d), while the salinity
declines from 35.5 to 34.8 due to the mixing of warm
tropical water and subantarctic water as a part of the
retroflection process from the South African coast to
42S. Strong stratification above 200 m near the coast
(Fig. 3d) is attributed to the presence of high salinity
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Lutjeharms, 2007). As the RSIW moves southward from
its source, it mixes isopycnally with the equatorward-
flowing AAIW, and flows into the Mozambique Channel
in a series of anticyclonic eddies, eventually entering the
AC (de Ruijter et al., 2002).
The TOPEX/POSEIDON-based sea-level anomaly
map for the week ending on 14th February 2007 shows
evidence of the upwelling on the inner edge of the AC,
which is associated with surface relief of w0.3 dyn m
and a strong surface divergence 1.7 106 s1. The
southernmost termination of the AC is placed at 40S,
19E from where it retroflects, and traces an eastward
path in a series of meanders leading to cyclones and
anticyclones (the 2.4 dynm contour approximately
defines the meandering path of the ARC in Fig. 4a)
(Cheney et al., 1983; Goni et al., 1997).
Fig. 4a shows the presence of eddies, meanders,
retroflection, where large Agulhas rings detach from the
AC, spin into the Atlantic Ocean (de Ruijter et al., 1999)
and transfer the subtropical water signatures to the ACC
(Fig. 4a, broken arrows). These dynamics makes this
region an intense zone of turbulent mesoscale activity
that directly influences the stability and continuity of the
STF south of Africa.
3.2.6. Fronts along Track-2
Fig. 5aee depicts the Ts gradient overlaid on
surface velocity, the vertical structure of temperature,Fig. 4. (a) Maps of Absolute Dynamic Topography (MADT in dyn m) for th
stations along Track-1 were occupied. The 2.4 dyn m contour roughly defin
MADT (in dyn m) for the weeks of 14e21 and 21e28 March 2007, durin
XCTD stations (dots) and ocean fronts. PF1 and PF2: north and south bran
branches of Subantarctic Front, respectively.salinity and density, and surface convergence along
Track-2. Based on these data, we identified the
following fronts: PF2, PF1, SAF2, SAF1, SSTF, ARF
and NTSF (Fig. 5a). PF2 spans 220 km from 55 to
57S, associated with a Ts change by one degree
(Fig. 5b), an isohaline surface layer of 33.8 (Fig. 5c),
and surface velocity magnitude of 6.3 cm s1. The
northern limit of 2 C isotherm below 200 m
constraints the location of PF1 to 48.5S marked by
surface velocity of 6.3 cm s1. The position of PF1
which is located at 48.5S meanders northward by
w110 km compared to its position along Track-1.
Based on the location of 4 C isotherm at 200 m, we
encountered SAF2 spanning 45 and 46S, concurring
with the location on Track-1. This merged front is
marked by strong surface velocity of magnitude
16 cm s1 and surface divergence of 2.87 107 s1.
The steepest Ts gradient of 0.1 C km1 and strong
surface velocity of 57 cm s1 (Fig. 5a) upon the Crozet
Plateau corresponds to the concatenation of SSTF and
AF over the 43.5e44.5S belt. The steeply sloping
isolines in thermohaline structure (Fig. 5bed)
promotes a strong geostrophic flow with a mean speed
of 50 cm s1 in the upper 250 m and an enhanced
baroclinic transport of 24 Sv, inferred from the XCTD
data (Fig. 8a). The MADT indicates that this merged
front is encountered in the region of elevated sea
surface height of 1.8e2.4 dyn m (Fig. 4b) and marked
by surface convergence of 3.03 107 s1 (Fig. 5e).e week ending 14 February 2007, during which time the hydrographic
es the meandering path of the Agulhas Return Current. (b) Average
g which time stations along Track-2 were occupied. Also shown are
ches of Polar Front, respectively; SAF1 and SAF2: north and south
Fig. 5. As for Fig. 3, but for the Prydz BayeMauritius ship route
(Track-2). Additional abbreviations are NSTF: North Subtropical
Front, AgFNB: Agulhas Front Northern Boundary.
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STF, and SAF episodically merge to form the so-called
Crozet Front (BG96) in the region 35e60E, whereas
in the region of ARF cyclonic meander the ARF can
meander from STF/SAF by 3 latitude along 43E. The
merged front (SAF1þ STFþARF) has been reported
based on weekly multi-channel satellite Ts (Kostianoy
et al., 2004); and based on hydrographic data, it has
been located at w41.5S on the 45E section (AN06).
While the 57.5E section reported by AN06 reveals
that the SAF1 (identified between 45.5 and 46.5S)
splits from the merged ARFþ STF structure (identified
between 43.5 and 45S), our section reveals the
concatenation of SAF1 and SAF2 between 45 and46S. An enhanced Ts gradient (0.1 C km1), which
marks the northern ACC edge and the southern
boundary of the subtropical waters, indicates a merged
front (SSTFþAF) between 43 and 44S, which is
marked by a surface velocity of 60 cm s1. The northern
boundary of AF (AgFNB in Fig. 1) is placed at 41.5S,
which is associated with a dome-like pattern in
temperature and salinity structure and surface diver-
gence of 1.48 107 s1. The AF is also marked
by strong surface velocity of 27 cm s1. A pycnostad
is identified with a potential density anomaly of
25.7e26.2 kgm3 between 100 and 150 m. The presence
of high salinity pockets (>35) in the upper 100 m
reflects baroclinic instabilities associated with the AC
retroflection, which ultimately shed eddies that
transport warm and saline water into the subtropical
IO via several northward branching jets (Lutjeharms
and Ansorge, 2001; Sparrow et al., 1996). North of
ARF, Ts and salinity increase from 17 to 21 C and
from 34.8 to 35.3, respectively, leading to strong
stratification in the upper 200 m. With the surface
velocity of 14 cm s1, the northernmost front of
subtropical zone (NTSF) is identified at 36S, 2
northward from the location proposed by BG96.
In summary, Figs. 3 and 5 reveal the coexistence of
SAF1 and SAF2 along both tracks and the presence of
a merged front (ARFþ SSTF) spanning 43e44S
along Track-2. Compared with Track-1, PF2 along
Track-2 is displaced southward by 5.
3.3. Water masses
Fig. 6 portrays the qeS scatter diagrams for Track-1
(left-hand panels) and Track-2 (right-hand panels). The
water masses are identified using the qeS criteria listed
in Table 2, and the nature of the individual water
masses is discussed in the following subsections.
3.3.1. Tropical Surface Water
Tropical Surface Water (TSW) in the AC consists of
water from the southwest IO anticyclonic gyre (Gordon
et al., 1987) and variable flow from the Mozambique
Channel (Lutjeharms, 1972). Because of excess evapo-
ration over precipitation in the subtropical zone
(Fig. 2d), the TSW records high temperatures (16e
28 C) and has salinity exceeding 35.1 (Fig. 6a, b). The
TSW transported by the AC into the retroflection region
near 42S, 18E where it sinks and produces a salinity
maximum throughout the south IO, referred to as
Subtropical Surface Water (STSW). STSW is traced as
far as 40S and 43.5S (i.e., the AF region in Figs. 3 and
5) along Track-1 and -2, respectively.
Fig. 6. qeS diagram for hydrographic stations along Track-1 and Track-2. (a) and (b) 32e39S, (c) and (d) 40e48S, (e) and (f) 49e57S, and
(g) and (h) south of 58S, along Track-1 (left-hand panels) and Track-2 (right-hand panels). TSW: Tropical Surface Water; STSW: Subtropical
Surface Water; MW: Mode Water; CW: Central Water; SASW: Subantarctic Surface Water; AAIW: Antarctic Intermediate Water; AASW:
Antarctic Surface Water; CDW: Circumpolar Deep Water.
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Central Water (CW) occurs below the STSW,
having formed at the Subtropical Convergence when
the mixed Subtropical and Subantarctic Surface Water
masses sink and spread northward (Orren, 1966). The
CW in the AC region has a contribution from South IO
and South Atlantic Ocean. The former is characterized
by q of 8e15 C and S of 34.6e35.5, while the latter is
characterized by q of 6e16 C and S of 34.5e35.5
(Valentine et al., 1993). The South Atlantic Water
enters the Southern Agulhas region as a blend ofthermocline water and SASW from the south (Gordon,
1981, 1985); hence, these two water masses have
similar qeS ranges. CW is found to the north of 41S
and 43S along Track-1 and -2, respectively (Fig. 6aed),
in the depth range of 200e1000 m.
3.3.3. Mode Water
The Mode Water (MW) is formed by wintertime
convection in the area immediately north of the ACC
and appears as a pycnostad or thermostad below the
seasonal pycnocline (Park et al., 1993). It contributes
Fig. 6. (continued).
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gyre by ventilating the upper portion of the permanent
thermocline, and is characterized by q of 11e14 C, S
of 35e35.4, and density anomaly of 26.5e26.8
(AN06). MW is identified southward to 39 and 43.5S
along Track-1 and -2, respectively (Fig. 6a, b). The
features of MW identified on Track-2 are consistent
with the findings of Park et al. (1991), who traced its
source to Subtropical Mode Water in the Crozet Basin,
and noted that MW is produced locally by frontal
mixing east of the Crozet Islands (42e45S). We
believe that the strong winds that produce large
turbulent heat loss (Fig. 2e, h) promote convection that
leads to the formation of MW, as suggested by Park
et al. (1991). The MW identified along Track-1 isfresher by 0.2 than that along Track-2, suggesting that
it stems from winter overturning of the subtropical
water of Agulhas origin, as proposed by McCartney
(1977).
3.3.4. Water masses of ACC
The water masses of the ACC region include the
Subantarctic Surface Water (SASW), Antarctic Surface
Water (AASW), AAIW, and Circumpolar Deep Water
(CDW). The SASW is found near the southern
boundary of the frontal zone, which is characterized by
qw 9 C and S< 34 (Park et al., 1993). Along Track-
1, we encountered SASW in the upper 75 m just north
of SAF1 at 44.5S. Along Track-2, it was detected in
the depth range of 100e300 m at 44e46.5S,
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section, it has been detected between 43 and 45E
(AN06).
The AASW is typically encountered at the PF
(Fig. 1), where S< 34 and Ts< 5 C. It is approxi-
mately identified in the upper 100 m south of 45.3S
along Track-1 and south of 46.5S along Track-2. On
the 45E section, it shows a wider meridional distri-
bution, between 44 and 56S, possibly due to blocking
of the ACC by islands and meandering of the flow over
uneven bottom topography (see Fig. 8 in AN06). The
AASW has two components: Summer Surface Water
(SSW) and Winter Water (WW). The WW forms
a temperature-minimum layer below the SSW and is
characterized by q of 1.9 C to 1.5 C and S of 34.2e
34.5. WW is a remnant of the surface water formed by
winter convection (Wong et al., 1998), and it deepens
and thickens during northward transported by westerly
winds before sinking at the southernmost limit of the
polar frontal zone around 61S (Smith et al., 1984).
The WW is detected south of 52.7S along Track-1 and
south of 57.5S along Track-2.
AAIW is formed continuously near the PF spanning
50e55S, where water with qw 2.2 C and Sw33.87
sinks and spreads northward (Sverdrup et al., 1942).
This water is characterized by temperature of 4.4 C and
a salinity minimum of about 34.4. AAIW is generally
found at depth of 800e1200 m in the southwest IO
(Wyrtki, 1971), and was detected between 38 (at
1000 m) and 44S (at 600 m) along Track-1 and
between 41S (at 1000 m) to 43.5S (at 500 m) along
Track-2. AAIW is detected between 31 and 41S
between 1150e1200 m along the 45E section (AN06).
The CDW, which occurs below the AAIW, is the
voluminous water mass in the SO characterized by q of
2 C and S of 34.77. This is the critical water mass
because of its involvement in the formation of all other
water masses via vertical and lateral mixing induced by
polar easterlies in the Antarctic slope and shelf regions
(Whitworth et al., 1998). The CDW consists of two
layers: the upper CDW, with an oxygen minimum and
nutrient maximum, is entrained within the ACC; the
lower CDW, with a salinity maximum, is found south
of the ACC, where it frequently meets the Antarctic
continental shelf. Both layers are warmer than the
overlying cold surface water. In the southern Agulhas
region, Gordon et al. (1987) found traces of CDW
based on quasi-synoptic data. Because our measure-
ments were restricted to the upper 1000 m, it is not
possible to discriminate between the lower and upper
CDW (as done by PEP01); however, we encountered
CDW south of 49S along both tracks.3.4. Baroclinic transport
Fig. 7 shows baroclinic transport referenced to
1000 db across Track-1. The net transport amounts to
52 Sv (Sv¼ 106 m3 s1), which is about 60% of that
estimated (90 2.4 Sv) across a section along
0 extending from Good Hope to Antarctica (Swart
et al., 2008). Of this amount, 35.7 Sv is confined to the
ACC region, (spanning 57Se42S), 0.2 Sv flows
from 57S to 55S and 16.5 Sv is attributed to the AC
system north of 42S.
The transport that occurs within slabs of different
depth in the ACC region is as follows. Transport of
20.7 Sv is confined to the 100e500 m slab, where the
slab-mean velocity is 16 cm s1. The remaining 15 Sv
is distributed between the 0e100 and 500e1000 m
slabs.
The breakup of transport associated with the
oceanic fronts is as follows. The AC contributes
a southwestward transport of 25 Sv (consistent with
a range of 25e35 Sv reported previously; Harris, 1972;
Stramma and Lutjeharms, 1997) corresponding to
a velocity of 67 cm s1 at 38.6S (Fig. 3a). Because
Track-1 is sub-parallel to the direction of AC, our
transport estimate above 1000 m represents just 25% of
that indicated by the full-depth Civa2 section (100 Sv),
for which the sampling track was oriented normal to
the coast (PEP01). The ARC transports 41.5 Sv east-
ward at a surface velocity of 58 cm s1, representing
40% of that reported previously (104 Sv; PEP01) for the
full-depth Civa2 track and 70% of the South Indian
Ocean Current (60 Sv; Stramma and Lutjeharms, 1997).
The largest transport of 20 Sv is associated with
AF. The opposing eastewest transport near the AF
(39e40S) arises from meandering of the ARC (see
Fig. 4a). In the ACC region, a [at] transport of 6 Sv is
associated with SSTF, 7 Sv with SAF1 and SAF2,
7.5 Sv with PF1, 9 Sv with PF2, and about 3 Sv with
PF2 and SF. The total contribution from these fronts
represents 85% of the total ACC transport of 35.7 Sv.
A comparison of XCTD-based volume transport per
kilometer width with altimeter data (Fig. 7e) indicates
good qualitative agreement between the two indepen-
dent data sets in terms of transport. For example, both
data sets depict eastward transport along AF, PF1 and
PF2, and SAF1þ SAF2, while westward transport at
47S, 39.6S and AC; however, we note that the
altimeter-based net transport per kilometer for the
0e1000 m slab across Track-1 is 2.5 Sv, nearly three
times larger than that estimated from XCTD data.
The net volume transport across Track-2 amounts to
54 Sv, of which 4 Sv is confined to the region south of
Fig. 7. Baroclinic transport (Sv¼ 106 m3 s1) relative to the deepest common level between the XCTD stations across Track-1 for different slabs
of different depths: (a) 0e1000 m, (b) 0e100 m, (c) 100e500 m, (d) 500e1000 m, and (e) comparison of geostrophic transport (per kilometer
distance between stations) computed using XCTD and altimetric absolute dynamic topography data. Positive transport occurs eastwards. The
locations of fronts identified in this work are shown in the top panel. See Fig. 1 for abbreviations.
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the region north of 44S (Fig. 8). A slab-wise analysis
of transport in the ACC region reveals that 26 Sv is
confined to 100e500 m slab, 9 Sv to 0e100 m slab
and 10 Sv to the 500e1000 m slab. The transport
associated with individual fronts is as follows. A
westward transport of 3 Sv is associated with NSTF,
which is similar to the transport of 5 Sv that recircu-
lates between 60 and 70E (Fig. 1), corresponding to
the southern limb of the southwest IO sub-gyre (see
Fig. 7 of Stramma and Lutjeharms, 1997) (Fig. 8).
As discussed in the previous section (see Fig. 5),
cyclonic circulation associated with AgFNBF leads to
an eastward transport of 8 Sv, compensated bya westward flow of 7 Sv at the northern edge of the AF.
The merged front (SSTFþAF) contributes a large
transport of 24 Sv, attributed to a velocity of 50 cm s1
averaged for the 0e250 m slab. The transport associ-
ated with SAF1þ SAF2 (between 45 and 46S)
amounts to 14 Sv. The westward transport of 8.5 Sv
associated with PF1 is nearly compensated by an
eastward transport of 7 Sv just to its north. This pattern
of opposing transport directions located in close
proximity indicates the existence of meridional
meandering and mesoscale eddy activity (see Fig. 4),
as observed previously along the 30E section,
between 51 and 59S (PEP01). Along Track-1, the
transport associated with PF2 is 5 Sv, which is nearly
Fig. 8. As for Fig. 7, but for Track-2.
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data reveals a net transport of 2.7 Sv per kilometer
which is nearly 3 times larger than that estimated from
the XCTD data.
In brief, estimation of volume transport reveals
that the ACC transport increases by w10 Sv east-
wards and that a four-fold increase in transport occurs
south of the ACC domain. The volume contributed by
AC increases the transport north of the ACC by four
times across Track-1. An important finding of this
study is that about 50% of the ACC transport
(between 45 and 55S) occurs in the 100e500 m
slab, which we attribute to weak vertical velocity in
this slab, resulting in strong stratification in the upper
500 m (Figs. 3bed and 5bed). This enables decou-
pling of the ocean layers, resulting in turn in
enhanced horizontal flow. The highest surface
velocity was recorded at AF (38.6S) and at the
merged front AFþ SSTF (43.7S) along Track-1 and
-2, respectively. The strong velocity at these locations
dominates the upper ocean.4. Discussion
In the preceding sections, we focused on variation in
parameters related to airesea interaction. Here, we
consider issues relating to the ocean feedback on
MABL, and clarify the mechanisms that underlie this
feedback. We also explain quantitatively the nature of
front meandering, based on the potential vorticity
(PPV) computations and consider the implications of
a warm AC for MABL.
Surface meteorological data suggest that the turbu-
lent heat flux is enhanced over the AC region. Satellite-
based temperature images (http://www.ssmi.com/amsr)
reveal a marked Ts gradient (in the order of 10 C over
100 km) between AC and the surrounding sea. Most of
the measurement data suggest that AC core, which is
about 80e100 km wide, transfers about five times as
much water vapor to the atmosphere as does the
surrounding water (Rouault et al., 2000, 2003),
resulting in a high Qe (600 Wm2). The MABL is
usually unstable above the current, stable above the
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Although our observations are not spatially resolved,
unstable MABL is found over the AC core (Fig. 2c),
leading to high turbulent heat loss (>100 Wm2).
Over the 360 km distance from the AC core to the
surrounding waters south of the AC regime, Ts falls by
3.7 C and the air temperature decreases by 2 C.
These changes have direct feedback on the modifica-
tion of the atmosphere via the formation of cloud bands
aligned along the edge of the warm water (Lutjeharms
et al., 1986; Lutjeharms and Rouault, 2000). These
bands usually appear as a result of a high pressure,
a relatively high latent-heat flux and convective mixing
induced in the MABL above the AC. Thus, our results
support the proposition that the AC has a strong
influence on local weather (Rouault et al., 2002).
We now consider the feedback of hydrological
fronts on the MABL. A comparison of the frontal
locations (Fig. 3) with spatial variations in the MABL
parameters (Fig. 2aed) reveals that PF1 and PF2
coincide with a weak wind regime (<5 m s1) marked
by stability and a weak turbulent heat loss
(<10 Wm2). In contrast, SAF1 and SAF2 are influ-
enced by strong winds (12 m s1), stable MABL, and
weak turbulent heat flux (<10 Wm2), while the
MABL over SSTF is highly stable and favorable for
condensation, which is a characteristic feature of the
Subtropical Convergence. Along Track-2, PF1 and PF2
are characterized by weak winds, unstable MABL and
weak turbulent heat loss (<50 Wm2; Fig. 2eeh). The
MABL over SAF1 and SAF2 is associated with
moderate winds (7 m s1), unstable MABL, and
moderate Qe loss (100 Wm2). A highly unstable
MABL marked by strong winds (12 m s1) and
enhanced turbulent heat loss (>250 Wm2) is
observed over SSTFþAF and AgFNBF. The NSTF is
characterized by weak winds, stable MABL and
moderate Qe loss (100 Wm2).
Baroclinic flows in the oceans over smoothly
varying topography tend to conserve angular
momentum by following flow lines of constant
potential vorticity represented by (fþ x)/H, where f is
planetary vorticity (s1), x is relative vorticity (s1),
and H is ocean depth (m). In open ocean, f is much
larger than x, meaning that the mean PPV can be
approximated by f/H. In SO, significant variations in
the depth associated with mid-oceanic ridges and
uneven bottom topography mean that the ACC jets are
unable to follow the circumpolar lines of constant PPV
(Koblinsky, 1990).
Here we explain the dynamics that dictate the
meandering of the fronts based on PPV computation.From west to east, the SSTF meanders from 42 to
a mean position of 43.5S, corresponding to the depth
increase of 1000 m east of the Southwest Indian Ridge
(Fig. 1). In this situation, f/H decreases eastward;
consequently, in order to conserve PPV, which is about
20 109 s1, the jets associated with SSTF are dis-
placed poleward. In case of PF2, the depth decreases
eastward from 4900 to 2300 m, thereby increasing
PPV and forcing PF1 to shift equatorward from 49.5
to 48.5S.
5. Conclusions
We investigated the hydrodynamics along two near-
meridional tracks surveyed during austral summer of
2007, with reference to hydrographic data collected
using expendable probes as part of International Polar
Year project (IPY#70). Surface meteorological data
indicate that enhanced wind speed (>12 m s1)
promotes a large loss of turbulent heat north of 45S.
Warmer Ts leads to unstable MABL along Track-2,
thereby enhancing the turbulent heat loss (largely
through Qe) compared with the scenario along
Track-1. Employing literature-based criteria for
locating the position of ocean fronts, we identified the
fronts of AC and ACC and compared their character-
istics and locations with those proposed based on
historical and synoptic sections. PF splits into PF2 and
PF1 and SAF into SAF1 and SAF2. Moving eastwards,
PF1 is displaced northward by about 110 km, while
PF2 shifts southward by 550 km, SAF1 and SAF2 are
identified adjacent to each other in the belt 44.5e
47S. While AF and SSTF occur as separate fronts
along Track-1, they merge along Track-2, and exhibit
a southward shift of w160 km when traced eastwards.
Their merging is marked by a steep Ts gradient and
enhanced surface velocity.
Major water masses such as the STSW, CW and
MWencountered off the South African coast to 43.5S,
whereas SASW, AASW, AAIW and CDW encountered
in the ACC domain. The net transport across the
sections increases eastwards from 52 to 54 Sv, with
70e80% of this volume confined to the ACC belt.
About 50% of the ACC transport occurs in the 100e
500 m slab. Strong surface jets with speed of 55 and
60 cm s1 are identified at the location of AF and
AFþ SSTF along Track-1 and -2, respectively.
Because of insufficient spatial resolution between
stations and limitation arising from the level-of-no-
motion being restricted to 1000 db, these estimates are
indicative rather than definitive; however, the addi-
tional observations of IPY#70 conducted during 2008
29A.J. Luis, M. Sudhakar / Polar Science 3 (2009) 13e30and 2009 will lead to an improved understanding of
ACC variability and its transport.
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